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Background-Global Warming Issue

Since 1979, more than 20% of the 

Polar ice Cap has melted away(2005)



Background- Importance of CCS

 CO2 is the main part of greenhouse gases

 Methods to lower CO2 emission:

energy saving, energy constitution

capture and sequestration

 CO2 is mainly from fossil energy resources

Science,“Ready for CCS”, 2007,2. 

US、Russia、China、India and Australia, 75%

 CCS cost   <  disasters because of CO2 emission



30-50$ / tCO2, 

25-35%    in kWh

30-50%    in e p

20-25$ / tCO2, 

5-10%      in kWh

20-30%    in e p

Background- Cost of CCS

US Routine,  2012:

10% pre-combustion

20% post-combustion
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Source: International Energy Agency

Cost relative to use of same fuel in least cost plant without capture 



 Absorption

Chemical, low-pressure, high energy consumption

MEA,DEA,MDEA, AMP

Physical, high-pressure, low energy consumption

Methanol, Propylene carbonate, Polyethanol Glycol

 Membrane CO2/H2, CO2/N2

 Adsorption, high-pressure

Background - CO2 capture methods



Background - Main research topics

 Study on molecular design for solvents

higher absorption ability for CO2, lower energy consumption 

for solvent regeneration. Structure absorption ability

 Study on mass transfer packings

Improve mass transfer efficiency, lower cost on facility and 

operation.

 Study on process simulation

Pursue new processes，lower total capture cost.
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Absorption solvents

For CO2 solubility in aqueous amine solution

Vapor-liquid equilibrium with

Chemical Reactions:



Absorption Solvents

Chemical Solvents and their properties

Mixing Solvents for best loading and rate:

AMP/MEA，MDEA/PZ

Solvents Circle 
Loading

Rate Degradation

Primary， MEA  0.25 Fast Middle

Secondary， DEA 0.3 Middle Middle

Tertiary， MDEA 0.3 Slow Slow

Steric Hindered，AMP 0.6 Slow Middle+



Molecular design for solvents
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Monoethanolamine

Monoethanolamine(H+)

Wei Chen, et al. 11th 
International Conference on 
Properties and Phase Equilibria 
for Product and Process Design. 
May 20-25, 2007. Crete, Greece.



Calculation of Reaction Gibbs energy



Calculation of Reaction Gibbs energy



Calculation of Reaction Gibbs energy



Calculation of Reaction Gibbs energy



 With no hydrogen bond for 
MEA in water, the result is 
improved as:

13.48   13.75   12.96  13.23

compared with 12.97

 With no hydrogen bond for 
DEAH+ in water, the result is 
improved also clearly.

The effect of a hydrogen bond

Monoethanolamine

Monoethanolamine(H+)



Circulation Loading of absorption solvents

Loading of different absorption solvents

Molecular Structure  Capture Ability
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High efficient packings:

Faster mass transfer

Lower packing height

Lower pressure drop

Lower pumping energy

Study on mass transfer packings



CFD Simulation

Pall Ring



Super Mini Ring(SMR)



Computational Fluid Dynamics (CFD)

SMR



Plum Flower Mini Ring (PFMR)



CFD simulation



PIV Measurement

PIV（particle image velocimetry）



Velocity vector of ring packing 
height/diameter=0.25,  inclination=45



Experiment facility

Column type
Column 

diameter

Packing 
element 

height (m)

Packing 
material

Experiment 
system

Experiment 
condition

Column Ⅰ

Column Ⅱ

50

100

0.6

0.8

alcohol and 
n-propyl 
alcohol

alcohol and 
water

Total reflux, 
atm

Total reflux, 
atm



Comparison of flooding velocity  

among  PFMR, Pall Ring & Intalox Saddle
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Comparison of mass transfer  between PFMR 

and Pall Ring
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New structured packings



Impact of corrugation angle

β=45o β=10o

CFD for liquid flow on packings



Experiment results

The efficiency can improve 15%
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Simulation for chemical absorption processes

Solubility, kinetics and mass transfer calculation



Correlation of gas solubility in aqueous amine solution

Clegg-Pitzer model

Simulation of chemical absorption processes



Simulation of chemical absorption processes



CO2 solubility in aqueous amine solution
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Analysis on Capture Energy Consumption

Absorption Pressure Regeneration Pressure

Amine concentration Solvent flowrate

Global optimization on absorption processes
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Research expects

 Absorption Solvent; 

Mass transfer Packings; 

Process simulation.

 Establish a research 

platform on molecular 

design, mass transfer and 

process identification for 

CO2 capture.

 Develop new CO2 capture 

technologies with low cost.
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